POLAROGRAPHIC STUDIES ON CEREBRAL COLLATERAL CIRCULATION, WITH SPECIAL REFERENCE TO THEIR CLINICAL APPLICATIONS by 石川, 進
Titleポーラログラフ法による脳副行循環の研究, 特にその臨床的応用を目的として
Author(s)石川, 進












POLAROGRAPHIC STUDIES ON CEREBRAL COLLATERAL 
CIRCULATION, WITH SPECIAL REFERENCE TO 
THEIR CLINICAL APPLICATIONS 
bγ 
SusuMu IsHIKA w A 
From the First Surgical Division, Kvoto University Medical School 
(Dir巴ctor: Prof. Dr. CmsA~·o ARAKr) 
303 
In 1954 MEYER and DENNY-BROWN showed that the polarographic measurements 
of cerebral oxygen tension is of value in the study of local blood flow and metabolism 
of the brain. Since then several reports have been published in the literature; 
however, polarographic studies have not yet been n’idcly used in clinical cases 
because of their low reproducibility and stability. 
Since these disadvantages seem to be due to the character of the electrode 
as well as the method of polarization, I determined which type of electrode and of 
polarizing method would be the most suitable for the study of cerebral blood flow. 
Using 40 dogs, the value of this method iYaS reconfirmed, and then cortical oxygen 
tension was measured during the course of a surgical operation upon 6 patients 
with cerebral vascular lesions. 
I Electrode 
Among several types of electrodes, CLARK polarograph electrode made by Yellow-
Springs Co. was found to be the best one. In this electrode, cathode is enclosed 
together with anode behind a pDl.＇’ethylene film; therefore, the electrochemical 
measuring circuit is isolated from the surrounding臼uidor tissue. It has the following 
properties. 
a) The stability and reproducibili匂ァ is almost satisfactory. If the higher 
stability is needed, it is recommended to use an alternate or intermittent polarization 
instead of continuous recording of rapid changes. 
b) The sensitivity and reaction time is variable according to the character 
and thickness of a pol~℃th>'lene film covering the electrode tip. ¥Vith a vcr>' thin 
film less than 0.02 mm. the current reading in 25°C‘air is 2.7 to 2.8 microamperes 
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and the reaction time is less than 1 second 同ず i11k-1γritingrecorder. 
c) Temperature effect is士 2to 2.5 % per ± 1 ・. C, and its correction curve is 
a straight line converging to 0 to-1〔lC. 
d) Though this electrode cannot be inserted into tissue due to its large size, 
rapid changes in cortical ox~·gcn tension resulting from the change in oxygen content 
in inspired gas or occlusion of arteries ai℃ correct!>・ recorded with this electrode put 
on the corticalはirface.
Il Animal experiments 
Observations were made in 40 dogs, and the electrode was put on the cortical 
surface of the territory supplied ])> the middle cerebral arte1下・
a) 
1. In 10 dogs occlusion of an~γthree of four arte1‘ 4’bilateral common carotid 
and vertebr、alarteries, produced a complete escape or fall in cortical oxygen tension 
of 10 to 15% in the tcrriton supplied hγthe middle cerεbral art er;. In al dogs 
in which an>・ three arteries were permanently occluded, no pathological finding was 
recognized symptomatically nor anatomically. 
2. Occlusion of the both common carotids and lx>th vertebrals produced a fal 
in ox月 entension of 30 to 40 % in 8 dogs, and a complete escape or a fal of 10 
to 15 % in another 2 dogs. 人1dogs bclonging to the former group died within 
24 hours after permanent occlusion of these four arteries. However, in two dogs 
belonging to the latter group, permanent occlusion of these four arteries was followed 
b>・ no abnormal勾・mptomuntil theγ ＼＼℃1・E sacrificed. Ko infarct, softening nor 
haemorrhage was found in their brains. 
b) 
1. In 4 dogs occlusion of the intracranial internal carotid was accompanied 
＼＼北h a transient fall and a compkte compensatory rise in cortical ox＞守gentension 
recorded from the distribution of the middle cerebral arterγ． 
2. In 14 clogs various combinations of occlusion of the intracranial arteri同
such as the middle cerebral artcrγalone, the internal carotid and the posterior 
communicating arteries, and the middle cerebral and the anterior cerebral arteries 
at their origin were followed bγa fall in cortical oxygen tension of 23 to 70 ?;. 
But in 2 cases the occlusive thromliJsis of the middle cerebral artei寸 extendingto 
its small branches, which ＂’a日 cau刈 rl by i11traarterial injection of blood clot and 
haemocoagulant, produce【la complete fall to the zero line. 
3. In al cases in nァhichocclusion of the middle cerebral artery produced a 
fall in cortical 山＞gentension more than 40 % in the clistri\J~1tic11 of this artery, 
ipsilateral enforced circling movements and contralateral hemip乱l℃日iswere recognized 
and gross anemic infarction w出 fo:mdin the c川 tcx司 sabcortcxand basal ganglia 
supplied l≫・ this artery. On the other hand, in the cases in 1vhich fall in ox，・江en
tension was less than 30 % , such s>・mptoms and pathological findings did not 
develop throughout their日unival,and no infarction was found in the gray matter, 
white matter, nor basal ganglia. 
From the a¥Jove mentioned experimental results the followings might !Je 2,m・
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eluded. 
1) It has been confirmed symptomatically and anatomically that dynamic 
aspects of cerebral collateral circulation can be shown b~， rapid changes in oxygen 
tension of cortical surface which are recorded with CLARK polarograph electrode. 
2) In dogs no predominancy is reco伊1izedbetween the carotid contribution and 
the vertebral one to cerebral circulation. Remarkable development of collateral 
circulation is found more proximally than the circle of Willis, in this circle and 
more distally than it. 
3) Development of clinical manifestations caused b~· occlusion of the middle 
cerebral artery and formation of a infarct in the territory of suppl~， of this artery 
have a above mentioned relation to a fall in cortical ox~，g-en tension measured in 
this terri tor~，. 
I Clinical applications 
For the purpose of estimating the e百ectof surgical treatment for cerebral 
vascular lesions and pre¥・enting the risk of local cerebral circulatory disturbances 
which may be caused by operative procedures, application of polarographic methods 
to clinical cases was attempted. Polarographic recordings of the changes in cortical 
ox~·gen tension were made during the course of surgical operation upon a patient 
with an intracranial aneurysm and 5 patients with arteriovenous malformations. 
By these recordings we were able to estimate the degree of development of hemi-
spheral-cross circulation and to observe the proccess of changes in cortical blood flow 
following the occlusion of an arteriovenous白stula. All these cases were operated 
upon successfully without any postoperative complications. 
Thus the problem of stability and reproducibility of the polarographic method 
has been practically solved by the use of the CLARK polarograph electrode. This 
method may be utilized more generally in the treatment of cerebral vascular lesions 

















がp Meyer, Denny-Brown等によりp また我国でも
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従来考案されてきた電極は，（1)open tip type. 
(2) recessed type, (3) coated type, (4) covered 
typ巴及ぴ（5)enclosed typ巴の5種類であってp 夫
々以下に述べる様な特徴・をもっている．
I Op巴ntip type electrode :(bare type elect-
rode〕
Davies及び Brink以来最も広く用いられている電






























































































groove for rubber 11011 
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Fig. 3 Current-Voltage curve for Clark polarograph electrode in Ringer’s solution 
unstired. Temp., 27℃. This curve shows a typical polarographic wave having 


























て非常にすぐれており IO時間で 0乃至 2～3%の
"aging”にと νめ得る事を見出した． この事を利用
して Clarkはp 白金電極を r巴ferenceelectrodeと
共にポリエチレン膜の後に巴nclose した enclosed
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>e Ringer ’s solution 
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Fig. 5 Temperature effect on current readings recorded by Clark polarograph electrode. 
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Fig. 6. Effect of air, pur巴 oxygenand nitrous oxide breathing on cortical oxygen 
tension which was recorded by Clark polarograph electrode put on th巴 cortical



















Davies 及び Brink以来， 一般に continuous 
polarizationが用いられてきたがp電極面の平均電流

































せ得る装置をつくり oxygraphと名ずけg 陽慨に飽 第 1節実験材料及び実験方法




みても結局 opentip typ巴の電極の再現性を高める ~！：，；i定した．
こと は :I':~そない． その上P 望月の方法では 15秒に l l~J 電極としては実験の前半に行った頚動脈p 推骨動脈
回p Olsonの方法では6秒に I回の測定が限度であっι閉塞実験では陽極に直径0.8岡田．長さ！Ommの銀総を実験
て，生体内に起る急激な変化を捉えるのには不適当でじiの直前に chlorideした銀塩化銀』心隔をp 陰極に直径
ありp また加電圧切換装置が働くたびに記録線上に著脳 0.2mm～0.3mm，長さ !Ommの白金線の先端を Imm~Z 凹
明な動揺が入ってくる事をさけられない欠点もある． (,r.1露出して絶縁塗炉iで絶縁し’先端をs十状にとがらした
（第6図）． 7；；ものを使用した．し方為し既に述べた係に叩川ipty 
I Calibration ；：~；！の’屯僚では再現性が低く実用にi溢さないのでP Clark 
牛（I;"'.:i!liとされた酸素任を篭流値（microamp.）か 刊の’F店偲を人 Fしてからは切らこの福岡のみ を使用し
ら絶対値＜mmHg.1に夙算する事には色々問題がある． Id；た．尚電徹内の’il1解質溶液にl土飽和 Kc!溶液を用い



















る様な急激な変化を捉える必要のない場合にはJ 4 c. 
p. m. + 0.7 volt. -0.5 volt.の交番加屯圧法を採用
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Fig. 7 Effect of temporary unilateral 
common carotid occlusion on cortical 
oxygen tension. （司larkpolarograph 
electrode and continuous polarization 
were used. 





















































Fig. 8 F!Tect of t川口pora1γ vcdusionof tlu・eearlc・ries out of the both common carotids 
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モ一一Fig.9 Effect of temporary occlusion of 
the both common carotids and th巴
both vertebrals on cortical oxyg巴n
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Fig. IO Effect of temJ.", rary occlusion of the both common carotids and the both 
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Fig. 11 Effect of permanent occlusion of 
the intracranial internal carotid and 
the posterior communicating artery 
on cortical oxygen tension measured 
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Fig. 12 Effect of permanent occlusion of 
th巴 anteriorc巴rebra! artery on corti-
cal oxygen tension measured in山e
territory of supply of the middle ce-
rebral artery. 












OaoN I s x10-1AHP. 
－ Fig. 13 Effect of permanent occlusion of the middle cerebral artery, and of air and pure oxygen breathing on cortical oxygen tension measured in the territory of 
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Fig. 14 Effect of permanent occlusion of the middle cerebral artery, and of air and 
pure oxygen breathing on cortical cxygen tension recorded from the distribu-






































Table I Possible Collateral Circulation with Occlusion of Carotid, Vertebral 
and Intracranial Arteri巴sin the Dog. 
Type ' Vessel derived from 十Immediatevessel Collaterals I 
一一一一上土UJ2.Q!_ied
I. Within the Cir圃 1 Anterior cerebral I Anterior cerebral Anterior communicating I ofopposi匂副E
cle of Willis Posterior cerebral Posterior communicating I Internal carotid 




















Small superficial branches 
Small superficial branches 
Choroidal plexus 
Supraorbital branches 
External maxillary of I Nasal branches, angular branch to 
external carotid I nasal branch of ophthalmic 
Int巴rnalmaxillary of I Middle menigeal to lacrimal bran-









Internal maxillary of 
external carotid 
出足1~1ra~r弘~~~~st訳出~a~~~chl Ophthalmic 
Internal maxillary of 
external carotid 
Internal maxillary of 
external carotid 
Superior temporal of 
external carotid 
External carotid 
Internal maxillary of 
external carotid 
Orbital branch to anastomotic vessel 
of bilateral orbital arteries to anas凶 iOphthalmic 
tomotic branch running over dorsal 
surface of optic nen・e 
Ethmoidal to anastomotic branch I Anterior cerebral 
Supraorbital branch to supraorbital I 
and lacrimal branch of ophthalmic I Ophthalmic 
Bifurcation of common carotid I Internal carotid 
Orbital branch to anastomotic vessell 
b巴tweenthis branch and internal I Internal carotid 
carotid 
Internal maxillary of I Middle meningeal to anastomotic Internal carotid external carotid ' Yessel mentioned above 
Internal maxillary of I Middle meningeal to meningeal 
external carotid I branch of internal carotid Internal carotid 
Ext巴rnalcarotid I External maxillary of I ext巴rnalcarotid V. Between both I 
Anastomotic branches to external 
maxillary of opposit巴 side





I Internal maxillary of 
I external carotid 
I Internal maxillary of 
I external carotid 
Vertebral 
Vertebral 
Anastomotic branches to superior 
temporal of opposite sid巴
Orbital branch to anastomotic vess巴l
running along ventral surface of 
optic chiasm to orbital branch of 
opposite side 
Ethmoidal to arterial plexus to 
ethmoidal of opposite side 
Occi~ital branch of vertebral to 
occipital of external carotid 
Muscular branches of v巴rtebralto 
muscular branches of occipital 
1~t~！~~~吠弘目ニ：；；e~二：；；叩 I ~~tii ;ir b工
VI[. Other collate’I Interc。stal.lumbar and! Spinal branches of th巴s巴 arteriesto 
凶 pathways I lateral sacral 1 a時間rand post凶 orspinal 
to vertebral I Ar~eries suppli昭 pos- Muscular branches of vertebral 
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Fig. 15 Occlusive thrombosis of the middle 
cerebral artery extending to its small 
peripheral branches, which was produced 
by injection of blood clot and thrombin 
into the internal carotid, resulted in a 















Fig. 16 Effect of permanent occlusion of 
the middle cerebral and the anterior 
cerebral arteri巴s on cortical oxygen 
tension measured in the territory of 





関係を表示すると第2_;Jミの僚である. (Table 1 i. 
即ちp 大中脳動脈閉塞後この動脈分布領域の脳表面
Table I The relation between the fall in cortical oxyg巴ntension & th巴
formation of infarct. 
I Fall in山い昨n











! Infarct found in the 
Clinical manifestations i distribution of the 
I middle cerebral artery 
no pathological manifestation I no infarct 
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Fig. 17 Effectt oCpermanent:occlusion of;JheSmiddle:cerebral and=the~ant巴rior cerebral 
arteries, and of air and pur巴 oxygenbreathing on cortical oxygen tension. 











































Fig. 18 Case 1. Polarographic measurements 
of cortical oxygen tension of a 36・year-
old woman who underwent total removal 
of an arteriovenous malformation of the 
right middle cerebral artery under hy-
pothermia , Redal temp巴rature,30℃）． 
A : Showing the effect of pure oxygen 
and nitrous oxide breathing on cortical 
oxygen tension measured in normal cor-
tex. 
B : Showing the differenc巴 bヮl＂’eonthe 
oxygen tension in normal cortex an〔l




















Fig. 19 Case 2. Polarρgraphic recording 
showing the e汀巴ctof common carotid 
occlusion on cortical oxygen tension of 
a 29-year-old woman in whom an arte-
rim・cnous malformation in the right 
pari巴ta! region was totally removed 
under hypothermia 1 Recla] temperature, 




















側総頚動脈閉塞により p 約30%下降し compensat0ry
riseも認められなかった．そこでこの例では術中の出
Jilに対しては両側総頚動脈の閉塞を行うだけで十分で
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Fig. 20 Case 3. Polarographic record show-
ing the effect of carotid occlusion on 
the cortical oxygen tension made at 
beginning of operation on a '.?5-year-old 
man who und巴rwenttotal removal of an 
arteriovenous malformation in the left 
parasagittal region having arteriovenous 
shunt between the left anterior cerebral 
artery and the sagittal sinus, under 
hypothermia (Rectal t巴mp.,30-Cl. Elec司
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Fig. 21 Case 4. Polarographic record show-
iug the effect of common carotid and 
vetebral occlusion on the cortical oxygen 
tension of a 23-year-old man in whom 
the left common carotid had b巴enten 
days prior to this operation for trauma-
tic huge aneurysm of the left intracra-
nial internal carotid artery. This record 
was made under hypothermia (Rectal 
temp. 31'Cl. Electrode was placed on the 








































Fig. 22 Case 5. Polarographic recording of cortical oxygen tension made during the 
oreration on a 31-year-old man in whom clippings of an arteriovenous fistula 
between the right middle cerebral artery and the sagittal sinus were done under 













がp 動静脈短路の閉塞により F 動脈血が大脳皮質に正
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~G.O.E.1 PURE OXYGEN BREATH I陥 I 
2 
AァV.shunt A-:-V. shunt 
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Fig. 23 Case 6.Polarographic measurements of cortical oxygen tension made during 
the operation on a 34・year-oldman in whom an arteriovenous malformation with 
an arteriovenous fistula between the right middle cerebrala rtery and the sagittal 
sinus was clipped under normothermia. 
EPG1 was placed on normal cortex (premotor area). EPG2 was placed near 
a branch of the arteriovenous fistula. EPG3 was placed on apparently softened 
area in motor cortex. 

















Fig. 24 Clark polarograph electrode, 
in lateral view. 
Fig. 25 Shimadzu ink-writinευX＞＂ιraph 
Type OX-Il which is usable for any 















Fig. 26 Coronal sections of the brain of the 
dog sacri自ceda week after severance 
of the both common carotids and the 
both vertebrals.うfolesion nor atrophy 
is found. Chan耳esin cortical oxygen 
tension are recorded in Fig. JO. 
Fig. 27 （りronaI sections of the brain of the 
dog sacri白cel 4 days aft巴rclipping the 
right middle cerebral artery. No lesion 
nor atrophy is found. Cortical oxygen 
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Fig. 28 Diasramatic representation of areas 
of gross pale infarction produced by 
clipping the middle cerebral artery at 
its origin. This dog was sacrificed 2 
weeks after operation. Cortical oxygen 













1. 10頭の犬でp 両側総頚動脈p 両側樵骨動脈の4
動脈の中任意の3動脈を閉塞したところ，中大脳動脈
領域の脳酸素圧は一過性に下降して元の値に快復する
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